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ABSTRACT 
AN IN VITRO COMPARISON OF SHEAR BOND STRENGTH BETWEEN TWO ORTHODONTIC 
LIGHT-CURABLE ADHESIVE PASTES 
Stephanie Becker 
Background and Objectives: For today’s busy orthodontist, it is critical to establish in-office bracket 
bonding procedures that are effective, time-saving, and error free. A relatively new light-cure orthodontic 
adhesive BracePaste® (American Orthodontics, Sheboyan, WI) can fluoresce under UV light to assist in 
cleaning up excess flash after bonding. Complete removal of excess resins around the bonded brackets 
may minimize excessive loss of enamel upon debonding. It is not clear in the literature if the utilization of 
a UV light system may compromise the bond strength between the bracket and enamel. The objective of 
this study was to determine the shear bond strength (SBS) of this new orthodontic adhesive “BracePaste” 
and compare it to the conventional “Transbond XT” adhesive (3M, St. Paul, MN). Additionally, the 
enamel bracket interface was examined to determine the location of bond failure and the tooth surfaces 
were examined to visually assess the severity of enamel marks and the presence of remaining adhesives 
on the enamel and brackets. 
Materials and Methods: A sample of 84 extracted human premolars were randomly divided into two 
groups. Group 1 (control) American Orthodontics™ Low Profile metal twin brackets were bonded with 
the Transbond™ XT composite resin; Group 2 brackets were bonded with Bracepaste ® composite resin.  
All samples were etched with 37% phosphoric acid, rinsed with distilled water, dried, applied with a layer 
of Assure Plus resin, and then composite resin. All bonded brackets were placed in a thermocycler for 24 
hours cycling between baths of 5oC and 55oC. After thermocycling, the brackets were debonded from the 
teeth with an Instron machine (crosshead speed 1mm/min) simulating and calculating debond shear force. 
The bracket and tooth were examined under 10x magnification to determine the adhesive remnant index 
(ARI) value using a 4-point and 6-point scale. Then, a Visual Index scale was used to measure enamel 
marks on teeth after finishing and polishing.  Two independent sample t tests were used to compare the 
difference in mean SBS between both groups. Exact Mantel-Haenszel chi-square analysis was conducted 
to assess the association between ARI value and group. We considered statistical significance for all tests 
with a two-sided p-value of ≤0.05. 
Results: The final sample consisted of 33 premolars bonded with Transbond XT and 39 bonded with 
BracePaste. There was no significant difference in mean SBS between the teeth bonded with Transbond 
XT (M=16.8MPa, SD=7.2) or BracePaste (M=14.9MPa, SD=6.4) (t(70)=1.2, p=0.23). No significant 
differences were found in the ARI scores between the 2 groups using either the 4 point (χ2MH (1)=0.85, 
p=0.36) or 6 point (χ2MH (1)=0.25, p=0.62) ARI scoring systems. Out of 52 teeth scored with the 4 point 
ARI system values of 1 or 2, there was no significant difference in adhesive remnants left after polishing 
between the 2 groups of brackets (χ2MH (1)=0.21, p=0.71), using a Visual Index scale. 
Conclusions: The new BracePaste composite resin possessed similar SBS to the conventional Transbond 
XT resin and both are able to withstand occlusal forces during orthodontic treatment. The addition of the 
UV light system with the new composite resin did not compromise the bond strength or result in more 
enamel defects after debonding and finishing. 
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For today’s busy orthodontist, it is critical to establish treatment procedures that are as 
effective, time-saving and error-free as possible. Not only does this save the orthodontist’s time 
and money, this also reduces patient chair time and potential extra visits. Brackets that fracture 
off easily may lead to an inconvenience to the orthodontist and patient, and an increased 
financial cost to the patient. One particular area within orthodontic treatment that orthodontists 
have control over is the choice of bonding system they use for direct bonding.  
The company American Orthodontics developed BracePaste® Adhesive as an attempt to 
establish a medium viscosity, light-curable adhesive that provides optimum bonding to metal 
brackets, allows immediate tie-in after light curing, and fluoresces under UV light to assist in 
clean up. The removal of attachments and all adhesive resin from tooth surfaces without 
iatrogenic damage is the main objective of bracket debonding. Improper debonding techniques 
can cause enamel damage and be more time-consuming, so use of UV light to visualize 
BracePaste remnants could potentially help cut down on the excessive loss of enamel. With the 
utilization of a UV light system, the operator would be able to better distinguish the visual 
difference between adhesive material and enamel surface as opposed to an adhesive that does not 
fluoresce under UV. Thus, this aids in the preservation of precious enamel when using this new 
type of adhesive.  
 Another purpose of this study is to determine if BracePaste® Adhesive has comparable 
bond strength as the gold standard adhesive, Transbond XT Adhesive when used with 
conventional bonding procedures, consisting of 37% phosphoric acid etc, primer (Assure Plus), 
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then adhesive. After orthodontic brackets are debonded, Adhesive Remnant Index (ARI) will be 
scored on each tooth-bracket interface.  The purpose of using this index is to determine the 
location of the remaining adhesive after a bracket is debonded, and how much is on the tooth as 
opposed to the bracket.  This will help identify which sort of bond failure occurred, cohesive or 
adhesive. After ARI values have been scored, adhesive remanants (AR) will be removed with 
finishing and polishing. Then, the tooth surfaces will be examined under a 10x microscope to 
visually assess the severity (if any) of enamel marks and if any adhesive still remains. 
 
STATEMENT OF THE PROBLEM 
1. Does BracePaste® Adhesive have comparable in-vitro SBS as Transbond XT Adhesive when 
used with conventional bonding procedures? 
2. What are the characteristics of bracket failure interface when examined under optical 
microscopy and scored with both modified and conventional ARI values? 
3. Does the use of UV light as an aid in AR removal lead to more significant enamel defects in 
teeth that are finished/polishing using this method as opposed to the standard protocol? 
 
SIGNIFICANCE OF THE PROBLEM 
Composite resin is the adhesive of choice for orthodontists when bonding brackets. 
Brackets that break off easily may cause damage to the teeth, leading to inconveniences for the 
orthodontist and patient, and increased financial cost to orthodontist and to patient.1 So, resin 
with an appropriate bond strength is a must, but furthermore, the adhesive must be removed 
completely with the goal of preserving the enamel as close as possible to its original condition. 
Composite resin is an ideal adhesive as the margin between the enamel and resin is hard to 
 3 
detect, which provides appropriate esthetics. BracePaste® is unique in that this product fluoresces 
under UV light, which allows adhesive remnants to be seen for easier removal so that none is 
missed. It is critical for resin to be completely removed as failure to do so can promote dental 
plaque accumulation along the residual resin interface. This increases the risk of enamel surface 
decalcification and caries lesion development and progression.2 Difficulty in detection of the 
enamel-resin margin can lead to failure in removal of all remaining resin post-debond.  Difficulty 
in the detection of resin is especially prevalent in posterior teeth, where there is reduced 
accessibility and visualization. Molars present a large surface area for bonding, so with reduced 
accessibility to these teeth, it creates a greater challenge of removing AR after debond.3 The issue 
of bonding remnants being found after orthodontic bracket removal is such an established issue 
that visual inspecting indices for determining resin remnant prevalence after debond, such as the 
adhesive remnant index (ARI) and modiefied ARI are used.4 Additionally, bonding remnants on 
the tooth surface after debond can discolor over time, leading to patient dissatisfaction. 
Futhermore, there is the potential for less enamel damage when using BracePaste for the same 
reason; UV light once again allows a better visualization of the remaining resin on the tooth. It 
has been reported that resin remnant removal has an average loss of 55 μm of enamel per tooth, 
thus a technique that can reduce or eliminate this should be highly considered.5 Many techniques 
have been formulated with the purpose of removing AR after orthodontic debond, and these 
result in varying degrees of abrasion and enamel loss.6,7 To minimize the enamel defects and 
abrasion after debonding, a protocol that spares enamel while still performing efficiently and 
effectively should strongly be considered. It was noted in Schott’s paper that, “According to the 
principles of good clinical practice, all available means for better diagnostics and treatment 
should be utilized”.8 So, traditional methods of finishing using conventional ambient light may 
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no longer be considered as sufficient standard protocol if a protocol utilizing UV light provides 
efficacious results.  
 
NULL HYPOTHESIS 
1. There is no significant difference between the SBS of “BracePaste” and “Transbond XT”. 
2. There is no significant difference in mean SBS between the different degrees of ARI scores. 
3. There is no significant difference in the amount of enamel removal marks using the visual 
index analysis between “BracePaste” and “Transbond XT”. 
 
DEFINITION OF TERMS 
1. Composite resin: An adhesive that consists of a polymer base resin and inorganic filler 
material. Coupling agents are often used to chemically bond these constituents together.   
2. Enamel: the normally visible part of the tooth, covering the crown, a very hard, white to off-
white, highly mineralized substance that acts as a barrier to protect the tooth but can become 
susceptible to degradation, especially by acids from food and drink 
3. Phosphoric Acid: the use of an acidic substance to prepare the tooth’s natural enamel for the 
application of an adhesive. The acid roughens the surface microscopically, increasing 
retention of resin sealant. 
4. Bonding Materials: A term used to indicate supplies that attach the orthodontic brackets onto 
teeth. Synonyms: bonding adhesives, orthodontic adhesives, Trasbond XT, BracePaste 
5. Transbond XT: A light curable bonding adhesive/paste for orthodontic brackets that is 
deemed the gold standard for orthodontic bonding. 
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6. BracePaste®: A light curable bonding adhesive/paste for orthodontic brackets that fluoresces 
under UV light for easier removal from tooth. 
7. Shear Bond Strength: Stress required to separate a bonded bracket from a tooth when on 
portion is forced to slider over another portion. 
8. Fixed Appliance: An orthodontic material that has attachments which are bonded or 
cemented to the teeth that are not removable. 
9. Adhesive Remnant: adhesive left on the tooth after debracketing 
 
ASSUMPTIONS 
1. There is one operator, S.B., who has clinical experience and has trained in precise bracket 
placement and bonding procedures. 
2. The bracket base of each bracket is assumed to be accurate with the measurements provided 
from lab measurements and each bracket is consistent with the estimated measurement.  
3. Brackets are to be bonded in the same location, the buccal height of contour, of permanent 
premolars with the same amount of force.  
 
LIMITATIONS 
1. This in-vitro testing environment differs from the in-vivo testing environment as in-vitro 
testing cannot exactly simulate the environment of the oral cavity. 
2. Forces applied by the Instron (Instron Corp., Canton, MA) mechanical testing machine will 
simulate a peel and shear force rather than that of a pure shear force. 
3. Extracted teeth may vary in mineral content, history of abrasion, surface contour, fluoride 
content, hypocalcification, carious lesions, and dental restorations.  
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4. Evaluation of residual resin remaining and enamel surface irregularity after debonding is 
subjective and can be inconsistent. 
 
DELIMITATIONS 
1. Samples will be limited to extracted permanent maxillary and mandibular premolars and they 
will be stored in a 1:1:1 water, glycerol, bleach mixture. 
2. Low-profile premolar brackets will be bonded to sound enamel with consistent force. 
3. One operator will perform the bonding, debonding, and finishing procedures.  
4. Two operators, S.B., and E.K., will be calibrated for precise ARI and visual analysis 
measurements. 
5. Only two types of bonding adhesives will be studied, both with the same bonding protocol, 
and performed by a single operator, S.B. 

























During the early days of fixed-appliance orthodontic treatment, brackets were not bonded 
to teeth. Rather, they were welded to gold or stainless-steel bands, which required a time-
consuming application process that was uncomfortable for the patient.9 Furthermore, these 
banded appliances frequently caused gingival trauma when fitted, and decalcification could 
occur under the band if the cement failed; thus, this system was far from ideal.  
A critical development in the practice of dentistry that has evolved over the course of the 
past century has been the use of composite resins, especially in regard to the creation and 
evolution of light- cure resins. One particular area within orthodontic treatment that the 
orthodontist has control over is the choice of their bonding system for direct bonding. Newman 
originally built upon Buonocore’s innovative enamel acid etching technique for the purpose of 
direct bonding plastic attachments (polycarbonate brackets) to the buccal surfaces of the teeth.10 
The first orthodontic bonding resins relied on chemical cure to polymerize. These types of resins 
presented a problem in that their setting time could not be manipulated and thus clinically very 
technique sensitive.11 Even though chemical-cure resins have been shown to have a similar 
bracket debond rate compared to light-cure resins, setting time limitations have contributed to 
their decline in popularity.12 In direct bonding technique, the composite resin is cured under 
metal-based brackets by direct illumination from different sides and by transillumination through 
the tooth structure.  Rapid polymerization occurs when visible light is applied and the resin then 
adheres to the tooth, chemically and mechanically. Ideally, this bond should be strong enough to 
withstand masticatory forces.  Having clinically acceptable strength will help with longevity of 





Bond strength is defined as the initial mechanical load to fracture divided by the simple, 
geometrically defined, cross-sectional area of the bond.14 Previous studies have measured the 
debonding force by using an Instron universal testing machine and shear bond strength (MPa) 
was calculated by dividing debonding force by bonding area.15 For bonding to enamel, Gillis 
suggested SBS should fall in the range of 4-10MPA.16  Brantley and Eliades found that for fixed 
appliance therapy, conventional adhesive systems on enamel ranged between 8- 30 MPA of 
SBS.17 This bond must be able to withstand the masticatory forces of the moist oral environment 
as well as the variable forces in orthodontic treatment, so testing new adhesive products is 
essential in order to find out the effectiveness of the new material.   
The demand for esthetics has driven bracket manufacturers to produce smaller and less 
visible appliances, putting additional stress on the adhesive. Therefore, the ideal adhesive of the 
future would be hydrophilic, would not require acid etching of the enamel, and would have a 
SBS value of over 20 MPa in both dry and wet fields, according to a review by Gange.9 While 
Transbond XT does require acid etching, it is hydrophilic, satisfying some of the requirements of 
an ideal adhesive. As the field of adhesive dental materials evolves, it is critical to keep up with 
the latest developments in this area and perform the necessary research to assure a satisfactory 
bonding effectiveness. Researchers previously had commonly performed in vivo SBS tests on 
human third molars, however, these teeth are much more permeable in a wetter environment than 
erupted teeth so they may not be the ideal choice for bond testing.14 Ozturk found that both tooth 
type and adhesive had a significant effect on SBS with no significant differences between the 
bond strength values for upper and lower teeth. He also found that there were differences in bond 
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strength values of teeth in the upper and lower arches for some tooth types.18  Hence, when 
involved in SBS testing, it is wise to use the same tooth type from the upper or lower arch. So, 
this study was limited to permanent premolars to help increase consistency of results. 
 
LITERATURE REVIEW (IN-VITRO) 
 
Many studies have analyzed SBS among an abundance of bonding agents on metal 
brackets, however, only one study has assessed the SBS of BracePaste. Shams studied extracted 
maxillary central incisors to measure the difference in SBS between Transbond XT and 
BracePaste, finding a significantly lower SBS for BracePaste (187.4N) as compared to 
Transbond XT (233.34N).19 As for the adhesive materials, both Transbond XT (3M) and 
BracePaste Medium Viscosity (American Ortho) are light cure adhesives meant for the bonding 
of metal and ceramic brackets. Transbond XT has a makeup of 45-55% BisGMA, 45-55% 
TEGDMA, and <0.5% 4-(Dimethylamino)-Benzeneethanol, while BracePaste’s full composition 
is not released. However, ethoxylated bisphenol A dimethacrylate, tetramethylene 
dimethacrylate, diphenyl(2, 4, 6-trimethylbenzoyl) phosphine oxide are listed as ingredients that 
makeup about 10% of BracePaste’s composition. Since different adhesives have been shown to 
have different effects on SBS, the primer for both experimental groups should remain the same. 
3M claims to have the “gold standard” in terms of orthodontic bonding systems, so as limited 
prior research has been published about BracePaste, this research study can compare the new 
adhesive to the existing “gold standard” to assess for efficacy.  Another goal of orthodontic 
adhesives is to achieve an adequate bond, meaning the failure occurs at the enamel-composite 
interface. This would be desirable because debonding and subsequent polishing would become 
much easier because much of the composite has already debonded from the tooth.  Previous 
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research has found that the SBS of Transbond XT Adhesive (with Transbond XT Primer) had a 
mean SBS of 14.49 MPa.20 Thus, it has an adequate bond strength and can serve as a control. 
Currently, there are no published SBS values for BracePaste recorded in MPa units, so this 
orthodontic adhesive will be compared to Transbond XT.   
The demand for optimal esthetics has driven orthodontic bracket manufactures to produce 
small and less visible brackets, hence the low-profile style of bracket.9 While this type of bracket 
is indeed less conspicuous than the standard variety, the smaller bracket base leads to excess 
stress being placed onto the tooth-adhesive interface. So, as orthodontic technology advances, it 
is important that the adhesive resins are able to maintain a clinically acceptable bond strength. 
 
THERMOCYCLING 
A goal of all research studies is to strive for as much clinical relevance as possible. Thus, 
when analyzing extracted teeth in vitro, thermocycling is a technique that can be used to better 
simulate the oral environment and improve the quality of the research. The oral cavity routinely 
exposes orthodontic adhesives not only to temperature variations, but also humidity and air 
velocity when breathing, which in turn can alter the resting mouth temperature.21 These 
temperature variations are unpredictable but it is crucial to determine if they induce stress into 
the adhesive that may impact its bond strength. For this reason, Bishara et al suggested that 
thermocycling is a critical component of the testing protocol for new adhesives.22 The 
thermocycling technique allows the researcher to simulate the oral environment by cycling teeth 
which have already been bonded through water baths with temperatures ranging from 5oC to 
55oC.23-24 Daub et al. found that thermocycling does indeed have an effect on SBS values.  In one 
of his test groups, he bonded premolars with Transbond XT and each sample was thermocycled 
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between 5 degrees C and 55 degrees C for 500 cycles.  Whenever he compared the SBS from 
each of these samples to that of a previous study using the same protocol, but without 
thermocycler use, he found that the SBS was reduced significantly in his samples(p=0.001).25  
Other previous studies have also reported a decrease in bond strength when thermocycling 
protocol was depoloyed.26,27 Thus, the clinical relevance of thermocycling is that studies have 
shown that thermal stresses reduced mean bond strength in orthodontic adhesives. This implies 
that thermal stresses encountered in the mouth may also play a role in lowering bond strength 
values. However, one must remember that these in-vitro results may not be extrapolated exactly 
into an in-vivo environment as samples thermocycled in water do not fully replicate the 
challenging environments in the oral cavity. It does, however, come closer than if no 
thermocycling is introduced. 
 
ADHESIVE REMANANT INDEX RESULTS 
Adhesive Remnant Index (ARI) is an analysis used to measure bond failure after shear 
bond strength testing by assessing how much adhesive is left on a tooth after a bracket has been 
debonded.  Artun and Bergland28 developed this system, which consists of four scoring 
categories, 0 to 3. Each category is described below: 
SCORE DEFINITION 
0 No adhesive remaining on the tooth 
1 Less than half of the adhesive left on the tooth 
2 More than half of the adhesive left on the tooth 
3 All adhesive remaining on the tooth 
Table 1. Convention ARI Scoring (in relation to the tooth) 
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This four-point scale was used in this study to determine where the resin bond debonded from 
the perspective of the tooth.  
A modified ARI scale29 was also used to measure the amount of adhesive left on the 








 Cehreli et al found that qualitative visual scoring, ARI measurements, is capable of generating 
similar results with both SEM analysis and elemental mapping, and thus is an effective method 
of evaluating adhesive remnant amounts and locations.30 Kaneshima et al also found that when 
assessing adhesive remnant removal, SEM and visual analyses did not yield significantly 
different results.31 As ARI scores are interpreted, it is important to keep in mind the implications 
of the different surfaces the scores are made on relative to tooth or bracket. For example, a low 
ARI score suggests a reduced risk of enamel tear, which would be beneficial to the patient. This 
is due to less adhesive being left on the bracket and more adhesive on the tooth. A high modified 
ARI score, on the other hand, may be favorable in the sense that chairside time spent removing 
adhesive remnants would likely be reduced due to the less amount of residual resin left on the 
tooth and more on the bracket. 
Score Definition 
0 No adhesive left on the bracket 
1 1%-25% of adhesive left on the bracket 
2 26%-50% of adhesive left on the bracket 
3 51%-75% of adhesive left on the bracket 
4 76-99% of adhesive left on the bracket 
5 All adhesive left on the bracket with distinct impression of bracket mesh 
Table 2. Modified ARI Scoring (in relation to the bracket) 
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In relation to bond strength, Mirzakouchaki et al. stated that the changes in bond 
strengths are parallel with the changes in the ARI index.24 The greater the bond strength the more 
likelihood there will be more adhesive left on tooth enamel than if there is weaker bond strength. 
This would imply a greater amount of time is necessary chairside in removing adhesive remnants 
after debonding. 
 
DIRECT VISUAL ANALYSIS 
Direct visual analysis is used to examine the enamel surface under a light using the naked 
eye to simulate visualizing a tooth surface in a clinical setting.31 This is done after performing 
adhesive remnant removal and subsequent finishing and polishing of the tooth surface. 
Kaneshima et al created a criterion for direct visual analysis which consists of four categories of 
teeth: 
 A. Absence of removal marks 
 B. Presence of soft removal marks 
 C. Presence of more evident removal marks 
 D. Presence of adhesive remnants 
When using a two-examiner team to perform this assessment, calibration is necessary before the 
examiners may perform individual assessments. These assessments then can be used to create a 
joint analysis of the samples by obtaining a group consensus.31 An optical microscope at 10x 





CHAPTER 3: MATERIALS AND METHODS 
IN-VITRO STUDY 
This chapter describes the samples, methods of data collection, statistical analysis, 
materials, and equipment that were used in the in vitro study. Eighty-four human permanent 
maxillary and mandibular premolars were collected to study the SBS of Master Series® metal 
twin low-profile brackets (American Orthodontics, Sheboygan, WI) with two different bonding 
adhesives: Transbond XT (3M Unitek, Monrovia, CA) or BracePaste® (American Orthodontics, 
Sheboygan, WI). The criteria for tooth selection includes non-carious teeth with an intact facial 
surface and no visible cracks in the enamel. The teeth were cleaned of debris, steam autoclaved, 
pumiced with non-fluoridated prophy paste and stored in a 1:1:1 mixture of bleach, glycerol, and 
water. The eighty-four human permanent premolars were randomly divided into two groups 
based on the bonding protocol. The groups are as follows:  
 
Group 1 (Control Group): 42 mounted teeth were orthodontically bracketed with 37% 
phosphoric acid etch (MARK3), AssurePlus primer, Transbond™ XT Light Cure Paste Adhesive 
(3M Unitek, Monrovia, CA), then Master Series® metal twin low-profile brackets (American 
Orthodontics, Sheboygan, WI). 
Group 2: 42 mounted teeth were orthodontically bracketed with 37% phosphoric acid etch 
(MARK3), AssurePlus primer, BracePaste ® (American Orthodontics, Sheboygan, WI), and 





PREPARING TEETH FOR TESTING 
Prior to testing, the tooth apex was flattened with a dental handpiece by 3-5mm, allowing 
the CEJ to sit above the stainless steel potting ring by about 2-3mm. Then, a hole was drilled 
through each tooth approximately 5mm from this new apex. A 0.040 stainless steel wire was 
placed through each hole for additional retention when mounted in the epoxy resin (Buehler, 
Lake Bluff, IL). Wax was fitted to the base of round stainless-steel potting rings in order to 
prevent leakage of the epoxy resin. The teeth were embedded in epoxy resin up to the 
cementoenamel junction in stainless steel rings.32 The teeth were stored in water until bonding 
brackets to the facial surface. Brackets were positioned with the aid of a dental surveyor so that 









Fig 1. Stainless steel pots prepped with wax 
base  


























Group 1  
1. Prophy teeth with non-fluoride oil-free pumice 
2. Air dry thoroughly using oil and moisture-free air source 
3. Apply etching agent with applicator (37% phosphoric acid) 
4. Allow 30 seconds for etching, rinse tooth for 5 seconds 
5. Dry tooth thoroughly, area should appear frosty white 
6. Apply thin coat of Assure® Plus All Surface Bonding Resin to tooth 
7. Air dry teeth for 5 seconds to eliminate excess solvent 
8. Apply Transbond XT Adhesive to Master Series® metal twin low-profile bracket, 
then bond bracket to tooth, removing excess adhesive around edges of the bracket 
9. Light cure each side of bracket for 3 seconds, for a total of 12 seconds 
Fig 3. Premolar potted in stainless steel ring  
prior to testing  
 




Group 2  
1. Prophy teeth with non-fluoride oil-free pumice 
2. Air dry thoroughly using oil and moisture-free air source 
3. Apply etching agent with applicator (37% phosphoric acid) 
4. Allow 30 seconds for etching, rinse tooth for 5 seconds 
5. Dry tooth thoroughly, area should appear frosty white 
6. Apply thin coat of Assure® Plus All Surface Bonding Resin to tooth 
7. Air dry the teeth for 5 seconds to eliminate excess solvent 
10. Apply BracePaste® adhesive to Master Series® metal twin low-profile bracket, then 
bond bracket to tooth, removing excess adhesive around edges of the bracket. 




Samples were placed in an Lindberg/Blue thermocycling machine (Thermo Electron 
Corporation, Asheville, NC) for 24 hours. The samples sat in a cold-water bath, 5oC, for 1 
minute, with a 10 second transfer time into a hot water bath maintained at 55oC, for 1 minute. 



















BOND STRENGTH TESTING 
Debonding forces were determined using an Instron testing machine (Instron Corp., Canton, 
MA) with a crosshead speed of 1mm/minute. The stainless-steel rings were mounted on an 
adjustable base jig to ensure that the applied force was set up parallel to the long axis of the 
tooth. The thumb of a disposable glove was cut out and placed over the tooth to catch brackets as 
they debonded from the tooth. The shearing force was applied at the bracket-tooth interface with 
an .018 gauge stainless steel wire engaging underneath the gingival wings of the bracket. The 
force required to debond the bracket was then recorded in Newtons, then converted to 
megapascals (MPa) by dividing the force in Newtons by the area of the bracket base. Teeth that 
have catastrophic fracture or were pulled out of the potting epoxy during the debonding process 
resin were noted and excluded from the results. The debonding procedure was performed in 
water to simulate and oral environment and prevent excessive dehydration of tooth structure. 

























ADHESIVE REMNANT INDEX MICROSCOPY 
 
Following debonding, the debonded buccal tooth surfaces were examined with an optical 
microscope (Gaertner Scientific Corporation, Chicago, Il) at 10x magnification to determine if 
the failure was at the adhesive interface, tooth-adhesive interface, or bracket-adhesive interface. 
Evaluation and scoring of the adhesive remnant were carried out by two evaluators, S.B. and 
E.K., who were calibrated to each other. Evaluation was carried out under 10x magnification. 
The ARI evaluation used was the conventional 4-point scale (Table 1). A modified ARI scoring 
system was also used to depict a more detailed failure interface with regard to the bracket instead 
of tooth (Table 2).  




































Fig 8A. Artun ARI score 0 Fig 8B. Artun ARI score 1  



























VISUAL INDEX ANALYSIS 
 
Following ARI analysis, teeth with an Artun score of 1 or 2 were finished and polished so that a 
visual index analysis could be completed. A carbide finishing bur #7901 was used with naked 
eye visualization to remove all adhesive remnants from the teeth. Teeth bonded with Transbond 
XT were finished under ambient room light, while teeth bonded with BracePaste were finished 
under ambient room light plus UV light (LUMAND®, China) visualization (Figure 10). After 
finishing, teeth were polished with a non-fluoridated prophy paste. 















Remnants on the BracePaste teeth could be easily visualized with UV light and they were 
removed until none were visualiazed with the UV light.  Then, the teeth were scored utilizing a 
4-point scoring system developed by Kaneshima et al, with scores A-D (figure 11).31 This 
scoring system allows us to see if UV light as an aid in AR removal leads to significantly 
different enamel defects in teeth as compared to the conventional ambient light method. “A” 
indicates absence of removal marks, “B” indicates presence of soft removal marks, “C” indicates 
presence of more evident removal marks, and “D” indicates presence of adhesive remnants, as 




Fig 10. Left: Transbond tooth visualized under ambient light, Middle: 







SAS (version 9.4, 2013, SAS Institute Inc. Cary, NC) was used to conduct the statistical 
analysis for the data. We utilized two independent sample t-tests to compare the mean difference 
in SBS between the Transbond XT and BracePaste groups. Exact Mantel-Haenszel chi-square 
analysis was conducted to assess the association between ARI scores and the adhesive group. We 
considered statistical significance for all tests with a two-sided p-value of ≤0.05. 
Fig 11. Visual index scores A-D31: A) Intact enamel with no visible enamel removal marks; B) 
Enamel with soft removal marks, such as scratches; C) Enamel with more pronounced removal 
marks such as divets and flattened surfaces; D) Dental enamel with presence of adhesive 
remnants after removal 
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CHAPTER 4: RESULTS 
BOND STRENGTH 
The mean SBS of the two groups were calculated based on an estimated bracket base area 
of 8.2mm2. Transbond XT and BracePaste SBS is represented in the table below.  
 
Groups N Mean SBS 
(MPa) 
SD Minimum Maximum 
Transbond XT 
(control) 
33 16.8 7.2 4.2 32.7 
BracePaste 39 14.9 6.4 2.29 27.43 
 
 
The Transbond XT group had a slightly higher mean SBS than the BracePaste group. However, 
there was no statistically significant difference in the mean SBS between them (t(70)=1.2, 

























Mean Shear Bond Strength (MPa)
Table 3. Comparison of mean shear bond strength (SBS) between groups 






ADHESIVE REMNANT INDEX (ARI) 
In regard to the 6-point ARI scoring system (0, 1, 2, 3, 4, 5) used for this study, Cohen’s 
Kappa coefficient was calculated for assessing the degree of agreement between the two sets of 
scores measured by the two raters, S.B. and E.K. The Kappa coefficient (Kappa=0.68, 95% CI 
[0.55-0.80]) showed good agreement between the two sets of ARI scores. In regard to the 4-point 
ARI scoring system (0, 1, 2, 3) that was used for this study, Cohen’s Kappa coefficient was 
calculated for assessing the degree of agreement between the two sets of scores measured by the 
two raters. The Kappa coefficient (Kappa=0.25, 95 CL [0.07-0.42]) showed of fair agreement 
between the two sets of ARI scores. The results of exact Mantel-Haenszel chi-square analysis 
showed no significant difference in ARI scores (6 point ARI scoring system) between the two 
groups (χ2MH (1)=0.25, p=0.62). The results of exact Mantel-Haenszel chi-square analysis also 
showed no significant difference in ARI scores (4 point ARI scoring system) between the two 








N Mean SBS (MPa) SD 




























N Mean SBS (MPa) SD 


















When comparing ARI to SBS within a group, within the 6-point ARI system, there was no 
significant difference in mean SBS between the 6 values (f=1.44, p=0.22). Similarly, there was 
no significant difference in mean SBS between the 4 ARI values in the 4-point system (f=1.24, 




Table 4 Comparison of mean shear bond strength and ARI (6-point scale) score  
 
Table 5 Comparison of mean shear bond strength and ARI (4-point scale) score 
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Average ARI scores for BracePaste and Transbond XT 
Group ARI (4-point scale) ARI (6-point scale) 
BracePaste 1.5 2.5 
Transbond XT 1.2 2.7 
 
 















Group BracePaste Transbond XT 
ARI 0 5.0% 0% 
ARI 1 25.00% 43.75% 
ARI 2 22.50% 9.38% 
ARI 3 17.5% 3.13% 
ARI 4 27.5% 21.88% 
ARI 5 2.5% 21.88% 
Percentage Representation of ARI scores (4-point scale) in groups 
Group ARI 0 ARI 1 ARI 2 ARI 3 
BracePaste 3.03% 45.45% 45.45% 6.06% 
Transbond XT 32.0% 12.00% 56.00% 0% 
Table 6. Average ARI scores for BracePaste and Transbond XT 
Table 7A. Percentage of each 6-point (modified) ARI score represented among groups 
Table 7B. Percentage of each 4-point ARI score represented among groups 
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VISUAL ANALYSIS 
The results obtained by direct visual analysis, after AR removal and polishing (Table 8) 
of teeth scored a 1 or 2 using the 4-point Artun scoring system, showed no significant difference 
( χ2MH (1)=0.21, p=0.71) between the two different adhesive systems; this is similar to results of 
other previous research analyzing AR removal with and without UV light.31 It may be noted (see 
Appendix) that one tooth from each group, Transbond #35 and BracePaste #42, still showed 


































































Table 8. Direct visual analysis after the removal of adhesive remnants (AR) and after polishing, considering 




1. There is no significant difference between the SBS of “BracePaste” and “Transbond XT”: 
ACCEPTED 
2. There is no significant difference in mean SBS between different degrees of ARI: 
ACCEPTED 
3. There is no significant difference between the visual index analysis values of “BracePaste” 


















CHAPTER 5: DISCUSSION 
This study measured the SBS of two different orthodontic adhesive resins (BracePaste 
and Transbond XT) with the use of stainless-steel metal Master Series® twin low-profile 
brackets. Low-profile brackets were chosen as they are desirable for patients for a couple 
reasons. First of all, the more compact profile of them makes them less noticeable, thus more 
esthetic. This is a much-desired feature for patients in orthodontic treatment. Additionally, the 
less bulky characteristic of this type of bracket as compared to the conventional metal bracket is 
increased patient comfort.33 The force of bracket debonding was represented using Newtons (N). 
Shear bond strength, represented here in Megapascal (MPa) units, was calculated by taking the N 
and dividing that by the area of the orthodontic bracket base.  American Orthodontics was unable 
to release proprietary bracket dimension information, so the best estimated bracket dimension in 
this study was calculated from our own measurements. It was determined that the maxillary right 
first premolar metal bracket (used on all teeth in the study) had a total surface area of 8.2 mm15.  
Using this information to calculate mean bond strength, it was determined that the mean SBS of 
the BracePaste adhesive group was not significantly different than that of the established gold 
standard Transbond XT group. The SBS of Transbond XT, the control, was found to be 
16.8MPa. This supports previous research, which shows Transbond XT having a SBS of 
10.32MPa-15.5 MPa.34,35 The novel adhesive BracePaste showed a similar result to Transbond 
XT, with this fluorescent adhesive having a mean SBS of 14.9MPa. Many studies have 
developed suggested SBS values for clinical situations, with values ranging from 5.9MPa to 
10.0MPa being sufficient to prevent unwanted bracket debond.13,36-39 With BracePaste 
demonstrating a mean SBS of 14.8MPa in this study, it can be reasoned that this new adhesive 
shows a bond strength value that is adequate for clinical situations.  It is important to note that 
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Katona found that it is impossible to apply a pure shear load to a bracket due to an unavoidable 
inherent bending moment.40 Thus, SBS is truly more of a “shear-peel strength”, but many studies 
use the term shear bond strength when, in fact, testing shear-peel bond strength.40 While an 
orthodontic adhesive must show bond strength appropriate for withstanding masticatory forces, 
too high of a bond strength is undesirable, so manufacturers must find an appropriate balance 
when developing their adhesive. Adhesion forces reaching 40MPa-50MPa are so strong to the 
extent that there is risk for enamel damage upon debond, so values this high should be avoided.41 
Thus, the ideal orthodontic adhesive should have SBS values in the range of 6MPa-40MPa.42 
With Transbond XT seen as the gold standard in orthodontic bonding, our results also confirm 
that this adhesive is in the appropriate range to be used for bonding brackets to tooth. 
Additionally, our results demonstrated that BracePaste is a clinically acceptable adhesive to use, 
with a SBS value that is within the recommended range for clinical application.  
 ARI is a useful tool to measure the adhesion failure for orthodontic brackets, especially 
when studying SBS. Two different ARI scoring systems were utilized: a 4-point system (0,1,2,3) 
developed by Artun28 and a 6-point system (0,1,2,3,4,5) developed by Attar29. Artun’s system 
viewed leftover adhesive in relation to the tooth surface, while Attar measured the remnants in 
regard to the bracket surface. Using these systems, a correlation can be derived between amount 
of adhesive left on the tooth/bracket and where the failure occurred. In orthodontics, an adequate 
bond, which fails at the enamel-adhesive interface, would be desirable as this type of failure 
would allow for less residual resin on tooth surface and subsequent polishing to become easier.20 
A low score, such as 0 or 1, scored using the 6-point system would indicate that either no, or 
very little adhesive was left on the debonded bracket. This would then infer that adhesive failure 
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occurred between the bracket-adhesive interface; thus, a higher proportion of residual adhesive 
would remain on the tooth enamel.  
A large amount of adhesive remaining on the enamel, then, would score high on the 4-
point system. With most of the adhesive remaining on the enamel and little to none present on 
the bracket in this scenario, it is implied that there was a strong bond between the adhesive and 
tooth.  On the other hand, in the 6-point system, a high score such as 5 or 6 would suggest that 
the adhesive failure occurred at the enamel-adhesive interface, as much adhesive remained on the 
bracket. Thus, this description would correspond to a low score using the Artun ARI scale.  
With most of the adhesive being on the bracket and little to none present on the enamel, it 
is implied that there was a weak bond of adhesive to enamel. From a clinical perspective, a low 
Artun ARI score or a high Attar ARI score is desirable because less residual adhesive remaining 
on enamel after debond means an easier, and potentially quicker finishing and polishing. 
However, a low Artun ARI score may mean that the bond between the adhesive and tooth was 
too weak and not enough to withstand the forces of mastication. Thus, a low Artun ARI score 
combined with a clinically acceptable SBS value would be characteristics of an ideal adhesive. A 
study by Linn showed that brackets direct bonded with Transbond XT mainly scored “1” on the 
4-point ARI scale, which suggests that this adhesive is ideal for orthodontic bonding.43 However, 
previous studies by Sharma and D’Atillio reported that Transbond XT bonded to extracted 
premolars showed an ARI score of “3” being most prevalent, with 40% of samples having this 
score.20,44  In comparison, the current study showed a 56%  rating of “2” (Table 7A) for 
Transbond XT, suggesting that even though not all Transbond remained on the tooth surface, but 
a larger proportion was present there; thus, a cohesive failure was present. This is in agreement 
with a study performed by Rix, which showed Transbond XT displaying its highest distribution 
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of scores, 30%, as ARI “2”.45 Conversely, Bracepaste was split equally among distribution of 
ARI scores between “1” and “2” (Table 7A), suggesting a trend for less adhesive to remain on 
the tooth in comparison to Transbond XT, but still with cohesive failures. 
 In relation to enamel surface quality after removal of AR in either group, results were 
obtained showing that there was no significant difference in damage to enamel surface using 
either UV light with BracePaste to remove remnants or ambient room light with Transbond XT 
to remove remnants. This was verified with direct visual analysis (Table 8). Studies by Ribiero 
and Lai46-47 showed that there was a smaller amount of adhesive remaining after remnant 
removal procedures for teeth that had been finished using UV light as opposed to just operatory 
light. The current study found adhesive remnants on one tooth from each group. Perhaps a larger 














CHAPTER 6: SUMMARY AND CONCLUSIONS 
SUMMARY 
 The purpose of this study was to compare the in vitro shear bond strength between the 
“gold standard” adhesive, Transbond XT, to a novel UV fluorescent adhesive, BracePaste. 
Transbond XT had a slightly greater mean SBS value, 16.8MPa, than BracePaste, which had a 
mean shear SBS value of 14.9MPa.  This small difference was not statistically significant, so 
both adhesives perform equally under shearing forces and are considered to be clinically 
acceptable for use in orthodontic bonding protocols.  
 In regard to differences in ARI scores between the two adhesives, there was no 
significant differences in ARI scores, whether using the 4-point ARI scoring system or the 6-
point system. Furthermore, within the 6-point ARI system, there was no significant difference in 
mean SBS between the 6 values. Similarly, there was no significant difference in mean SBS 
between the 4 ARI values in the 4-point system.  
 The quality of enamel after AR removal, finishing, and polishing, was assessed using a 
visual index grading scale. This scale measured the severity of enamel scratches subsequent to 
these procedures and also measured if any AR still remained afterward. Statistical analysis 
showed that there was no significant difference between the two groups for the visual index 
values. None of the finishing and polishing procedures cause significantly different resulting 







1.  From the findings of this study, it was concluded that there was no significant difference 
between Transbond XT and BracePaste in SBS values.  
2. Transbond XT and BracePaste were identified to have  mean shear bond strenghts above 
the minimal clinical accepted values. 
3. After AR removal, none of the finishing and polishing procedures caused significantly 



































Future in vitro studies could further investigate the efficacy of BracePaste and similar 
new adhesives by including a time analysis. Some debonding methods that excel in preservation 
of enamel tend to be more involved, both in clinical time needed and higher cost.48 So, a 
comparison of adhesive remnant removal time between a UV light system and standard ambient 
light would provide valuable insight into the amount of time saved or lost by introducing a UV 
light system for AR removal. Schott developed a technique whereby the UV light source is 
introduced from the dental handpiece, so this may prove a useful comparison to AR removal 
using ambient room light.8 Additionally, analysis of finished and polished teeth with scanning 
electron microscopy (SEM) could supplement the visual analysis index to make sure both are in 
agreement.  
While in vitro study gives a relatively controlled environment for testing, future in vivo 
studies are warranted to assess the efficacy of BracePaste in the mouth, which takes into account 
factors such as salivary pH and mastication. In vivo studies normally produce lower SBS 
readings, likely due to salivary pH and mastication, than in vitro studies, so while BracePaste has 
clinically acceptable SBS rates in vitro, it is critical to see if this holds true in clinical studies.49 
In vitro studies need to be conducted with fully healthy intact enamel teeth. In many instances, 
teeth fractured, roots separated, or there were previous restorations that affected the placement of 
the bracket or integrity of the tooth during this study, so these factors need to be taken into 
account. Furthermore, future studies may investigate the effects of newer adhesives as well as 
different orthodontic brackets and base meshes. In vitro studies are useful for obtaining 
preliminary data, such as SBS, on new products on the market before time and effort is spent 
during more fastidious in vivo testing. There is a plethora of orthodontic brackets, adhesives, and 
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mesh bases available, all of which will have an effect on SBS, ARI, and enamel quality after AR 
removal. Continuing to study these new products can aid in determining the most efficient, 
effective, and safe protocol for bonding and removing AR after orthodontic debond. 
For this study, no comparison of time necessary to remove the adhesive remnants from 
the enamel surface after bonding was completed. It took time to illuminate, finish, and polish the 
surfaces with interrupted stops to put the keychain light down.  Using a handpiece than can 
deliver UV light, such as was done in a study by Kaneshime31, could be useful in determining if 
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APPENDIX B-DATA RESULTS 
 








Bracepaste 1 x 1 x 2 
Bracepaste 2 x 3 x 4 
Bracepaste 3 x 4 x 4 
Bracepaste 4 x 4 x 4 
Bracepaste 5 x 1 x 1 
Bracepaste 6 x 1 x 2 
Bracepaste 7 x 2 x 2 
Bracepaste 8 2 3 2 3 
Bracepaste 9 1 4 3 4 
Bracepaste 10 2 3 2 3 
Bracepaste 11 1 4 2 4 
Bracepaste 12 2 1 2 1 
Bracepaste 13 1 3 2 3 
Bracepaste 14 2 1 3 2 
Bracepaste 15 1 3 2 3 
Bracepaste 16 1 2 2 4 
Bracepaste 17 0 5 0 5 
Bracepaste 18 2 1 3 1 
Bracepaste 19 1 0 3 0 
Bracepaste 20 2 4 2 4 
Bracepaste 21 x x x x 
Bracepaste 22 3 1 3 1 
Bracepaste 23 1 2 2 2 
Bracepaste 24 2 2 2 2 
Bracepaste 25 1 3 2 3 
Bracepaste 26 3 0 1 4 
Bracepaste 27 2 2 3 1 
Bracepaste 28 2 1 2 1 
Bracepaste 29 1 4 3 4 
Bracepaste 30 1 2 1 3 
Bracepaste 31 2 1 2 1 
Bracepaste 32 1 4 1 5 
Bracepaste 33 x x x x 
Bracepaste 34 1 4 1 5 
Bracepaste 35 2 2 2 1 
Bracepaste 36 2 1 2 1 
Bracepaste 37 1 4 3 4 
Bracepaste 38 2 3 2 3 
Bracepaste 39 1 4 2 3 
Bracepaste 40 2 2 2 2 
Bracepaste 41 2 4 3 4 
Bracepaste 42 1 2 2 2 
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Transbond 1 x 4 x 4 
Transbond 2 x x x x 
Transbond 3 x 1 x 1 
Transbond 4 x x x x 
Transbond 5 x 4 x 4 
Transbond 6 x 1 x 1 
Transbond 7 x 2 x 1 
Transbond 8 x 1 x 1 
Transbond 9 x x x x 
Transbond 10 x 1 x 1 
Transbond 11 x x x x 
Transbond 12 2 2 2 2 
Transbond 13 0 5 1 5 
Transbond 14 2 1 2 1 
Transbond 15 x x x x 
Transbond 16 2 1 2 1 
Transbond 17 x x x x 
Transbond 18 0 4 2 4 
Transbond 19 2 1 3 1 
Transbond 20 0 5 1 5 
Transbond 21 0 5 1 5 
Transbond 22 0 5 1 5 
Transbond 23 2 3 1 4 
Transbond 24 2 1 2 2 
Transbond 25 2 1 2 1 
Transbond 26 x x x x 
Transbond 27 1 4 1 4 
Transbond 28 2 1 3 1 
Transbond 29 0 5 0 5 
Transbond 30 2 4 1 4 
Transbond 31 2 2 2 2 
Transbond 32 2 1 3 2 
Transbond 33 2 1 2 1 
Transbond 34 x x x x 
Transbond 35 1 4 1 4 
Transbond 36 0 5 1 5 
Transbond 37 x x x x 
Transbond 38 x x x x 
Transbond 39 1 4 1 5 
Transbond 40 2 1 2 1 
Transbond 41 0 5 0 5 
Transbond 42 2 1 1 2 
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MATERIAL TOOTH BECKER #1 
READ 
BECKER #2 READ KAO #1 
READ 
KAO #2 READ 
Bracepaste 1 C C C C 
Bracepaste 2 C C C C 
Bracepaste 3 C C C C 
Bracepaste 4 C C C C 
Bracepaste 5 B B B B 
Bracepaste 6 C C C B 
Bracepaste 7 B B B B 
Bracepaste 8 C C C C 
Bracepaste 10 C  C C C 
Bracepaste 11 B and D B B B 
Bracepaste 12 C C B B 
Bracepaste 13 C C C C 
Bracepaste 15 B B B B 
Bracepaste 16 C B C B 
Bracepaste 18 B B B B 
Bracepaste 19 B B B B 
Bracepaste 20 C C C C 
Bracepaste 23 C B B B 
Bracepaste 24 A A B A 
Bracepaste 25 B B B B 
Bracepaste 28 C B B B 
Bracepaste 30 C  B B B 
Bracepaste 31 B B B B 
Bracepaste 32 B A A A 
Bracepaste 34 C C C C 
Bracepaste 35 A B B B 
Bracepaste 36 A A A A 
Bracepaste 38 A A A A 
Bracepaste 39 B B B A 
Bracepaste 40 C C C C 
















KAO #1 READ KAO #2 
READ 
Transbond 1 C C C C 
Transbond 2 X X X X 
Transbond 3 C C C C 
Transbond 4 X X X X 
Transbond 5 B B B B 
Transbond 6 B B B B 
Transbond 7 C C C C 
Transbond 8 C C C C 
Transbond 9 X X X X 
Transbond 10 B B B B 
Transbond 12 C C C C 
Transbond 14 C C C C 
Transbond 16 B A B A 
Transbond 23 C B and D C C 
Transbond 24 A A A B 
Transbond 25 B B B B 
Transbond 27 B C B C 
Transbond 30 B B B B 
Transbond 31 B B B A 
Transbond 33 C C C C 
Transbond 35 B and D B and D C C 
Transbond 39 B B B B 
Transbond 40 C C C C 
Transbond 42 B B B B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
